T
here is an epidemic of obesity throughout the developed and much of the developing world (1) (2) (3) . Obesity, typically measured as BMI Ն30 kg/m 2 , has three subclasses: obesity 1 (30 -34.9 kg/m 2 ); obesity 2 (35-39.9 kg/m 2 ); and extreme obesity (Ͼ40 kg/ m 2 ). Extreme or morbid obesity is rapidly increasing in the U.S. and may have the potential of decreasing life expectancy. From 1986 to 2000, the prevalence of BMI Ͼ30 kg/m 2 doubled, whereas that of BMI Ն40 kg/m 2 quadrupled, and even extreme obesity of BMI Ն50 kg/m 2 increased fivefold (2) . Of particular concern is the alarming increasing prevalence of obesity among children (1) , suggesting that the epidemic will worsen before it improves. Epidemiologic studies have demonstrated that increasing BMI is a causative factor in many life-threatening comorbidities, including type 2 diabetes, cardiovascular disease, and cancer. BMI has been established as an independent risk factor for premature mortality (4). Obesity is a major independent risk factor for the development of type 2 diabetes and is associated with the rapid increase in the prevalence of type 2 diabetes (3). In the U.S., the majority diagnosed with type 2 diabetes are overweight, with 50% obese (i.e., BMI Ͼ30 kg/m 2 ) and 9% morbidly obese (BMI Ͼ40 kg/m 2 ) (5). This twin epidemic of obesity and diabetes carries severe consequence for premature mortality (6) .
Lifestyle intervention programs with diet therapy, behavior modification, exercise programs, and pharmacotherapy are widely used in various combinations. Unfortunately, with extremely rare exceptions (7), clinically significant weight loss is generally very modest and transient, particularly in patients with severe obesity. In a recently published study (8) , 80 adults with mild to moderate obesity (BMI 30 -35 kg/m 2 ) were randomized to nonsurgical intervention (very-lowcalorie diet, orlistat, and lifestyle change) or to surgical intervention (gastric banding); surgical treatment was significantly more effective than nonsurgical therapy in reducing weight, resolving the metabolic syndrome, and improving quality of life during a 24-month treatment program (8) . At 2 years, the surgical group had greater weight loss, with a mean of 21.6% of initial weight loss and 87.2% of excess weight loss, whereas the nonsurgical group had a loss of 5.5% of initial weight and 21.8% of excess weight (P ϭ 0.001). When morbidly obese patients with a BMI Ͼ40 kg/m 2 were willing to complete an intensive behavioral program, a remarkable weight loss of ϳ35% of the initial body weight was observed after 40 weeks,. For completers, average weight loss for women was 30.8 kg (23.9%) and for men was 42.6 kg (26.7%) over 39 weeks. However, long-term maintenance of weight loss is difficult for most individuals, as also noted in this particular study (7) .
Bariatric surgery includes several surgical procedures that can be performed in obese patients. Per the 1991 National Institutes of Health Consensus Conference Guidelines, patients are considered as surgical candidates only if their BMI is Ն40 kg/m 2 or if their BMI is Ն35 kg/m 2 and they suffer from other life-threatening comorbidities, such as type 2 diabetes, hypertension, and cardiovascular disease. Presently, the three most common surgical procedures for obesity are the Roux-en-Y gastric bypass, the vertical banded gastroplasty, and the adjustable gastric band with sleeve gastrectomy and duodenal switch, which is less commonly performed. In the Swedish Obesity Study (SOS), the mean changes in weight and risk factors were more favorable among the subjects treated by gastric bypass than among those treated by banding or vertical banded gastroplasty (9) . The maintained weight change over 10 years was 25% in the gastric bypass subgroup. In the year 2002-2003, worldwide, 146,301 bariatric surgery operations were performed by 2,839 bariatric surgeons, and 103,000 of these operations were performed in U.S./ Canada by 850 surgeons (10) .
The outcomes after surgically induced weight loss published in the last years are impressive (9, 11, 12) . In a metaanalysis of 22,094 patients (mean age 47 years, mean BMI 46.9, 72.6% women), the mean percentage of excess weight loss was 61.2% for all patients (12) . Excessive weight loss was higher for patients who underwent gastric bypass (61.6%) or gastroplasty (68.2%) compared with those who received gastric banding (47.5%). Remarkably, diabetes was completely resolved in 76.8% of patients and resolved or improved in 86.0%. Hyperlipidemia improved in Ն70% of patients, and hypertension was resolved in 61.7% and resolved and improved in 78.5%. Obstructive sleep apnea was resolved in 85.7% of patients and was resolved or improved in 83.6% of patients.
The long-term outcome data of a controlled surgical intervention study of obesity (Swedish Obesity Study) were recently reported by Lars Sjö strö m at the International Federation of Surgery for Obesity congress in Sydney as well as at the European Association for the Study of Diabetes (EASD) congress in Copenhagen (13) . In the Swedish Obesity Study, a surgical group of 2,010 patients (matched by age, sex, BMI, and comorbidities) was compared with a nonsurgical control group consisting of 2,037 patients, and both groups were followed for 15 years. Surgically induced weight loss frequently resolved or markedly improved diabetes, reduced myocardial infarction by 43%, and provided a 31% reduction in overall mortality. In this single trial, weight loss induced by bariatric surgery had no effect on incidence of stroke. Interestingly, the benefit in the reduction of myocardial infarction and overall mortality was almost exclusively seen in diabetic patients. The less impressive effects observed in the nondiabetic patients of the Swedish Obesity Study (13) might be explained by the fact that the cardiovascular risk factor profile is frequently quite favorable in morbidly obese subjects despite the accumulation of Ͼ40 kg excess fat (14) . The postoperative mortality was low and was kept at ϳ0.25%.
The significant reduction of total mortality in the well-performed randomized Swedish Obesity Study is in line with earlier observational studies reporting a reduced mortality in patients who underwent bariatric surgery (15, 16) . A retrospective analysis of 232 type 2 diabetic patients with morbid obesity (mean BMI 50 kg/m 2 ), who underwent either gastric bypass operation (n ϭ 154) or did not undergo surgery (n ϭ 78), demonstrated a mortality rate of only 9% in the surgical group during the 9-year follow-up compared with 28% in the nonsurgical control group (15) . Patients in the control group had 4.5 times the incidence of death of patients in the surgical group. Notably, the improvement in the mortality rate in the surgical group was primarily due to a decrease in the number of cardiovascular deaths. An observational twocohort study compared the outcome of 1,035 severely obese patients who underwent bariatric surgery with a control group of 5,746 age-and sex-matched severely obese patients who had not undergone weight reduction surgery (16) . The mortality rate in the bariatric surgery cohort was 0.68% compared with 6.17% in control subjects, which translated to an impressive 89% reduction in the relative risk of death. Given that this was a retrospective analysis, the impact of the composition of the control group or practice patterns, particularly the use of cardiovascular preventive drugs, might have contributed to the huge difference between the two cohort studies.
It is now generally accepted that weight loss induced by bariatric surgery is the most effective therapy available for people who are extremely obese. It reverses, ameliorates, or eliminates major cardiovascular risk factors, including diabetes, hypertension, and lipid abnormalities. However, large epidemiological follow-up studies have shown that obesity per se increases cardiovascular risk, independent of other associated traditional cardiovascular risk factors (17, 18) . Adipose tissue is the predominant site of fat stores. Increasing obesity results in an overload of lipids within the body's natural storage sink (i.e., the adipocyte) followed by the necessary deposition of fat within ectopic sites such as muscle, liver, and pancreas. The resulting metabolic derangements are associated with insulin resistance, central obesity, and chronic inflammation as adipose tissue acts as an endocrine organ, producing and secreting a host of biologic mediators. There is now increasing evidence that these less wellcharacterized atherogenic biomarkers or mediators have an important role in obesity-related cardiovascular risk, such as chronic inflammation, endothelial dysfunction, and hypercoagulation (11,19 -25) . Recent studies have shown that weight loss induced by surgery results in an impressive reduction of insulin resistance (11, 21) , reduces relevant markers (C-reactive protein, interleukin-6, interleukin-18, and sCD40L) of chronic vascular inflammation (11, (21) (22) (23) , and decreases well-established cardiac risk factors that have been shown to be important predictors of cardiovascular morbidity and mortality (26 -30) . In addition, surgery improves endothelial dysfunction (24) and reduces key factors responsible for the increased atherothrombotic risk of the morbidly obese patients, such as tissue factor, factor VII, and plasminogen activator inhibitor (PAI)-1 (19, 20) .
REVERSIBILITY OF DIABETES AFTER
BARIATRIC SURGERY -Of considerable interest for morbidly obese patients with diabetes is the observation that euglycemia and normal insulin levels occur within days after surgery, long before there is any significant weight loss (31). Morbid obesity per se is associated with profound insulin resistance and marked insulin hypersecretion, but the dynamics of ␤-cell function (i.e., ␤-cell glucose sensitivity, rate sensitivity, and potentiation) are preserved (11, 32) . On the other hand, overt diabetes and impaired glucose tolerance are characterized by a progressive loss of ␤-cell glucose sensitivity, independent of insulin resistance (33). It is well known that bariatric surgery leads to a large improvement in insulin sensitivity (two-to threefold increase), which can be seen early after surgery before any substantial weight loss has occurred (11, 34, 35) . Interestingly, absolute insulin secretion decreases significantly after bariatric surgery, although detailed information in patients with overt and more advanced diabetes is still very limited.
The mechanisms underlying the dramatic effects of malabsorptive surgery on insulin sensitivity and ␤-cell function are poorly understood. Several mechanisms have been proposed for the early improvement of glucose tolerance after bariatric surgery (36). Among them, caloric restriction and changes in gut hormone release have received the most attention. Glucagon-like peptide (GLP)-1 has emerged as a potential key mediator, since patients after Roux-en-Y gastric bypass had increased postprandial plasma levels of peptide YY and GLP-1 favoring enhanced satiety (37). However, more recent studies have questioned that GLP-1 is responsible for reversal of diabetes after surgery (38,39). Morinigo et al. (38) have demonstrated that GLP-1 response to a meal is not a critical factor for the early amelioration in glucose homeostasis after gastric bypass. Six weeks after surgery, the GLP-1 increase was only significant in patients with normal glucose or impaired glucose tolerance, but not in the diabetic patients. In a longitudinal study (39), fasting GLP-1 concentrations decreased and peptide YY levels increased independently of each other in morbidly obese patients 2 years after dramatic weight loss, indicating that the relationship between these gut hormones seems to be more complicated than assumed before. A very recent three-year follow-up study (40) in diabetic patients has shown that reversibility of diabetes is dependent on the improvement of skeletal muscle insulin sensitivity, mediated by changes in the expression of genes regulating glucose and fatty acid metabolism in response to nutrient availability.
PERIOPERATIVE RISK AND CARE OF BARIATRIC
SURGERY -There is clear and convincing evidence that bariatric surgery is a powerful therapy in treating morbid obesity and its health consequences. The ideal target population for bariatric surgery are morbidly obese patients with diabetes and metabolic syndrome because of the enormous benefit derived by surgi-cal treatment and the large risk of premature mortality engendered by diabetes and the metabolic syndrome (41). Given the paucity of alternative treatments for weight loss in this challenging population, early and prompt surgical referral of the morbidly obese patient with diabetes and metabolic syndrome is needed. Despite the high prevalence of comorbidity in this population, bariatric surgery can provide tertiary prevention of the complications of obesity.
Patient education and selection are important components in long-term success of bariatric surgery. While surgery provides important physiological reinforcement of a healthier lifestyle, patients must still make critical changes in their dietary, exercise, and sleep habits. Preoperative education ensures that patients are prepared to make these substantial changes in lifestyle (42). Surgery remains a tool, not a cure, for morbidly obese patients in their change in lifestyle. These habits are critical given that morbid obesity is a chronic disease and requires lifelong maintenance. Identification of preoperative characteristics of success after surgery remains elusive, and the best determinant of postoperative success is both patient and programmatic commitment (43) .
The risk of complications may temper some enthusiasm for bariatric surgery. There are demonstrated differences between surgical techniques and outcomes (44) . Randomized trial evidence reveals that the laparoscopic approach shortens time to return to work and decreases wound and pulmonary complications (45) . Among the different surgical procedures, the rate of complications is inversely proportional to the amount of weight loss produced by each surgery (44) . Beyond the type of procedure, there are identified risk factors for complications after bariatric surgery, including age, sex, BMI, comorbidities, and insurance status (46 -50). It should be noted that the best demonstrated and most protective effect against complications is an experienced surgeon and hospital (46, 49) . In addition, complications may not affect long-term weight loss, which is the outcome that best predicts long-term mortality risk (51) .
Age has been repeatedly demonstrated to be a factor influencing outcome after bariatric surgery. In a study examining bariatric surgery outcomes for Medicare patients, the rate of complications for those Ͻ65 and Ͼ65 years equalized when patients were treated by experienced surgeons (46) . Male sex has also been identified as a risk factor for complications after bariatric surgery. Male sex may lead to more complications due to increased technical difficulty caused by a higher BMI, more visceral fat, and potentially more advanced comorbidities (47) (48) (49) . In the U.S. (52) , in various European countries (53, 54) , as well as in New Zealand (55), ϳ80% of bariatric surgery patients are women. The proportion of men undergoing bariatric surgery does not reflect the sex distribution of morbid obesity. Clearly, male morbidly obese patients seek surgical care less often, which may be due to general decreased access to care by men as well as a greater social acceptance of the morbidly obese male. Increased BMI is also recognized as a risk factor for complications due primarily to technical ability to complete the operation and the potential for worsened comorbidity in these patients (49) . Finally, certain comorbidities have been demonstrated to increase complication rates including diabetes, chronic obstructive pulmonary disease, sleep apnea, and hypertension (47, 49) . Studies have substantiated the risk of Medicare insurance status upon bariatric surgery outcomes (46, 48) . Most likely, Medicare insurance status is a proxy for age, socioeconomic status, and disability. Although patients with the most risk factors carry the greatest risk for surgery, those high-risk patients may also derive the most benefit from bariatric surgery given the disease burden they carry (56) .
All of these risk factors are nonmodifiable before surgery. As mentioned previously, the single consistent protective factor for complications is both surgeon and hospital volume. The volumeoutcome effect is well established in surgery and, unlike the other risk factors for complications, modifiable. For bariatric surgery, it has been demonstrated that a high-volume surgeon and high-volume hospital leads to decreased morbidity and mortality (46, 50) . In the U.S., this volume outcome effect has been recognized by the Centers for Medicare and Medicaid Services who now require that Medicare patients only undergo surgery at Bariatric Surgery Centers of Excellence (57). Numerous criteria compose a Bariatric Surgery Center of Excellence, but the primary criteria are surgeon volume Ͼ50 cases and hospital volume Ͼ125 cases annually. While a referral to a Bariatric Surgery Center of Excellence may lead to decreased morbidity and mortality, this referral pattern must be balanced with appropriate and sufficient access to care for a vulnerable population without other therapeutic options.
Surgical volume is a surrogate measure for a wide expanse of practice patterns that determine best outcomes. More research is required to determine which practice patterns most effect outcomes including preoperative weight loss, advanced surgical training, and surgical assistant status (58, 59) . Given this need for further research, clinically derived prospectively maintained databases regarding bariatric surgery are required (56, 60) .
LONG-TERM RESULTS OF BARIATRIC SURGERY: COMPLICATIONS, FAILURES, AND WEIGHT
GAIN -The long-term complications and outcomes was recently analyzed in a 12-year follow-up study (53) of 1,791 consecutive patients receiving laparoscopic adjustable gastric banding (LABG) in Italy. Overall, 106 (5.9%) patients required reoperation (band removal in 3.7% and band repositioning in 2.7%). Port-related complications occurred in 200 patients (11.2%), and 41 patients (2.3%) underwent further surgery due to unsatisfactory results. A case-control study involving 821 surgically treated patients versus 821 treated by medical therapy showed a statistically significant difference in survival in favor of the surgically treated group (53) . Based on their findings, the authors concluded that LAGB can achieve effective, safe, and stable long-term weight loss with a low complication rate in experienced hands. In contrast, a 10-year long-term follow-up study of 317 patients receiving LAGB in Switzerland (54) showed high long-term complication and failure rates. Overall, 105 (33.1%) of the patients developed late complications, including band erosion in 9.5%, pouch dilatation/slippage in 6.3%, and catheter-or port-related problems in 7.6%. Major reoperation was required in 21.7% of the patients. The mean excess weight loss at 5 years was 58.5% in patients with the band still in place. The failure rate increased from 13.2% after 18 months to 36.9% at 7 years. According to the experience of the Swiss authors with a 5-year failure rate of 37% and 7-year success rate (excess weight loss Ͼ50%) in only 43%, LAGB should no longer be con-sidered as the procedure of choice for obesity (54) . On the other hand, a longterm follow-up study of 342 severely obese patients who underwent gastric bypass in New Zealand (55) showed excellent long-term outcomes. BMI and percent excess weight loss after 1, 5, and 10 years were 28.7 and 89%, 31.2 and 70%, and 31 and 75%, respectively. In addition, 62% of individuals with hypertension before surgery were cured and 25% had improved and 85% of those with type 2 diabetes were cured and 10% had improved. Thus, the excellent outcomes, in terms of weight loss and improvement in comorbidities, seen in both the short and medium term after gastric bypass, were well maintained into the longer term. Recently, Christou et al. (61) reported long-term results of 228 gastric bypass patients who were followed up for a mean of 11.4 years (range 4.7-14.9); 63.2% of them were morbidly obese (BMI Ͻ50 kg/m 2 ) and 36.8% were extremely obese (BMI Ն50 kg/m 2 ). The extremely obese patients lost more rapidly from the preoperative BMI to the lowest BMI and gained more rapidly than the morbid obese patients thereafter (P Ͻ 0.0001). In the morbidly obese patients, the mean BMI before surgery was 44.3 kg/m 2 ; the nadir BMI was 26.4 kg/m 2 and occurred 1.9 years after surgery but increased again to 31.0 after 11.4 years after surgery. In the extreme obese patients, the initial mean BMI of 56.2 kg/m 2 decreased to 31.4 kg/m 2 at 2.2 years after surgery, but increased significantly to 38.3 kg/m 2 after 11.6 years after surgery. Satiety is a prominent feature of weight loss after gastric bypass and persists in those patients with an excellent result. Patients who regain large amounts of weight say they are eating almost as much as before the operation. One patient died of pulmonary embolus on the second postoperative day, resulting in a 0.36% 30-day operative mortality. Seven patients died after surgery at 4.8 years of suicide, 5.7 years of suicide, 6.6 years of liver failure, 8 years of unknown cause, 8.8 years of pulmonary embolus, 8.8 years of cardiac failure, and 13 years of cerebrovascular accident, for a 3.2% long-term post-operative mortality.
In conclusion, significant weight gain occurred continuously in patients after reaching the nadir weight after gastric bypass. Remarkably, despite this weight gain, the long-term mortality remained low at 3.1%. Other long-term studies (Ͼ10-year follow-up) reported much lower late failure rates (31,62,63). Hess et al. (62) were able to follow 167 of 182 patients (92%) Ͼ10 years after biliopancreatic diversion with duodenal switch. They found that 87 (52%) had lost at least 80% of excess weight and that only 6% lost Ͼ50% of excess weight. Scopinaro et al. (63) reported excess weight loss of 74% at 10 years, 75% at 12 years, and 77% at 18 years, with no difference between morbid obese and extreme obese patients. Pories et al. (31) showed a remarkable stability of postoperative weight after gastric bypass for up to 14 years. Their study of 608 patients with a 97% follow-up showed a 58% loss of excess weight after 5 years and a BMI of 33.7 kg/m 2 . After 10 years, the excess weight loss was 55% and the BMI was 34.7 kg/ m 2 .
CONCLUSIONS -E v e n t h o u g h there are varying degrees of evidence for different surgeries, there is a clear preponderance of evidence for all weight loss surgeries to be vastly superior to traditional weight loss therapies in promoting weight reduction. Obesity is an independent risk factor for cardiovascular disease and contributes strongly to additional risk factors such as hypertension, diabetes, hyperlipidemia, and biochemical inflammatory markers. Cardiac risk among surgically treated morbidly obese patients is greatly diminished by weight loss, comorbidity resolution, and advantageous alteration of biochemical cardiovascular risk factors. Obesity is a worldwide epidemic with serious medical and economic consequences. The only effective and enduring therapy for morbid obesity is weight loss surgery. Weight loss surgery has the unique ability to solve many different health concerns through a single intervention. Certain risks exist for weight loss surgery that can be mitigated by surgical experience and patient selection, education, and lifelong surveillance. Strong evidence supports the well-known benefits of weight loss surgery including weight loss, comorbidity resolution, quality of life improvement, and increased lifespan. Weight loss surgery is a lifesaving intervention in the right patients and in the right hands.
ADDENDUM -After submission of this review, two important long-term outcome studies (64, 65) performed in patients after gastric bypass surgery were published. Sjö strö m et al. (64) conducted a prospective, controlled study of bariatric surgery called the Swedish Obese Subjects (SOS) study, in which 2,010 overweight patients wishing surgery were matched with 2,037 obese patients not desiring surgery. At 10 years, weight losses ranged from 14 to 25% among subjects who had undergone bariatric surgery as compared with only 2% among control subjects. In the surgery group, there was a significant reduction in the adjusted hazard ratio for death (29%) after an average follow-up of 10.9 years. Adams et al. (65) conducted a retrospective cohort study with 7,925 severely obese control subjects obtained from driver's license records that were matched to 7,925 patients who had undergone gastric bypass surgery. During a mean follow-up of 7.1 years, adjusted long-term mortality from any cause in the surgery group decreased by 40%. Cause-specific mortality in the surgery group decreased from diabetes by 92%, from coronary artery disease by 56%, and from cancer by 60%. The reduction of mortality from diabetes and cancer are particularly noteworthy. However, rates of death not caused by disease, such as accidents and suicide, were 58% higher in the surgery group than in the control group. 
